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Attorney Docket No. 




8 April 2005 



5489.P092PCT 



] 



I. Certification under 37 CFR 1.10 (if applicable) 



EV 469 984 733 US 



Express Mail mailing number 



8 April 2005 

Date of Deposit 



I hereby 
Post 
Patents, 



cei 



the application/correspondence attached hereto is being deposited with the United States Postal Service "Express Mail 
iressee" sep*ea under 3Z-eFR-4-J0^e* the date indicated above and is addressed to Mail Stop PCT, Commissioner for 
1450, Alej&ndrii VA-9231 3-1 45f 



/ [Signature of person ma^corXespond^ 



Jennifer C. Pask 
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Wew International Application 



TITLE 



WAVELENGTH DIVISION MULTIPLEXING 
PASSIVE OPTICAL NETWORK HAVING MULTIPLE 
BRANCHES OF OPTICAL DISTRIBUTION 



Earliest priority date 
(Day/Month/Year) 



9 April 2004 



c. 



SCREENING DISCLOSURE INFORMATION: In order to assist in screening the accompanying international application for 
purposes of determining whether a license for foreign transmittal should and could be granted and for other purposes, the 
following information is supplied. (Note: check as maViy boxes as apply): 
L~j The invention disclosed was not made in the United States. 

HH There is no prior U.S. application relating to this invention. 

| | The following prior U.S. application (s) contain subject matter which is related to the invention disclosed in the attached 
international application. (NOTE: priority to these applications may or may not be claimed on form PCT/RO/101 
(Request) and this listing does not constitute a claim for priority.) 



application no. 



application no. 



D. 



3 



filed on 
filed on 



The present international application contains additional subject matter not found in the prior U.S. appiication(s) 
identified in paragraph C. above. Trie additional subject matter is found on pages | | 

and □ DOES NOT ALTER □ MIGHT BE CONSIDERED TO ALTER the general nature of the invention in a manner 
which would require the U.S. application to have been made available for inspection by the appropriate defense 
agencies under 35 U.S.C. 181 and 37 CFR 5.1 . See 37 CFR 5.15. 
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A. 

B. 
C. 



A Response to an Invitation from the RO/US. The following documents) is (are) enclosed: 

[""I A Request for An Extension of Time to File a Response 

□ A Power of Attorney (General or Regular) 
I I Replacement pages: 



pages 




of the request (PCT/RO/101) 1 


pages 


1 of the figures 


pages j 
pages 




of the description 


pages 


1 of the abstract 1 




of the claims 





| Priority documenFJ 



j Priority document^ 




E. C Fees as specified on attached Fee Calculation sheet form PCT/RO/101 annex 



IV. 



TT 



A Request for Rectification under PCT 91 



n 



A Petition 



A Sequence Listing Diskette 




Other (please specify): 







Applicant J 


Lester J. Vincent | 


The person 


m 


Attorney/Agent (Reg. No.) 31 f 450 


Typed name of signer j 


signing this 

_ | 






R 


Common Representative 






Signature 


PTO-1382 (Rev. 04-2003) 




U.S. Department of Commerce: Patent and Trademark Office 
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REQUEST 



The undersigned requests that the present 

international application be processed 
according to the Patent Cooperation Treaty. 




For receiving Office use only 

05/11 



08 APRIL 2005 (08.04.05) 

International Filing Date 



PCT INTERNATIONAL 
APPLICATION RO/US 

Name of receiving Office and "PCT International Application' 



Applicant's or agent's file reference _ ^ „ _ 

Of desired) (12 characters maximum) 5489P092PGT 



Box No. 1 TTOTLE OF HHVENTJON 

WAVELENGTH DIVISION MULTIPLEXING PASSIVE OPTICAL NETWORK HAVING MULTIPLE 
BRANCHES OF OPTICAL DISTRIBUTION 



Bos No. HE APPOCANT | | This person is also inventor 


Name and address: (Family name fallowed by given name; jar a legal entity, full official designation. 
The address must include postal code and name of country. The country of the address indicated in this 
Box is the applicant s State (that is, country) of residence if no State of residence is indicated below.) 

NOVERA OPTICS. INC. 
480 S. California Avenue 
Suite 305 

Palo Alto, CA 94306-1609 
US 

V 


Telephone No. 


Facsimile No. 


Teleprinter No. 


Applicant' s registration No. with the Office 


State (that is, country) of nationality: 

US 


State (that is, country) of residence: 

us 


I This person is applicant 1 | all designated 17^1 all designated States except f""^ * e United States 1 | the States indicated in 

for the purposes of: L 1 States Ifro | the United States of America 1 1 of America only 1 1 die Supplemental Box 


Box No. OT ITORTHER APPLHCANT(S) ANB/OR (TORTTHDEM) INVENTORS) 




Name and address: (Family name followed by given name; for a legal entity, full official designation. 
The address must include postal code and name of country. The country of the address indicated in this 
Box is the applicant s State (that is, country) of residence if no State of residence is indicated below.) 

LEE, Chang-Hee 

110-102 Han wo I Apt, Shinsung-dong 
Yusong-gu, Taejon 
South Korea 


This person is: 

| j applicant only 

applicant and inventor 

R — I inventor only (If this check-box is 
rJ — I marked, do not fill in below.) 


Applicant's registration No. with the Office 


State (that is, country) of nationality: 

KR 


State (that is, country) of residence: 

KR 


This person is applicant 1 1 all designated | | all designated States except [W] the United States 1 1 the States indicated in 
for the purposes of: 1 1 States 1 1 the United States of America L£±J of America only 1 1 the Supplemental Box 


Further applicants and/or (further) inventors are indicated on a continuation sheet. 


Bos No. IV AGENT OR COMMON REPRESENT ATIVIE; OR ATORESS FOR CORRES1PONDENCE 


The person identified below is hereby/has been appointed to act on behalf \W\ aeent 1 1 common 

of the applicants) before the competent International Authorities as: l£LI B 1 — 1 representative 


Name and address: (Family name followed by given name; for a legal entity, full official designation. 

The address must include postal code and name of country,) 

VINCENT, Lester J. 

BLAKELY, SOKOLOFF, TAYLOR & ZAFMAN LLP 
12400 Wilshire Boulevard, 7th Floor 
Los Angeles, California 90025 
US 


Telephone No. 

408 720 8300 


Facsimile No. 

408 720 8383 


Teleprinter No. 


Agent's registration No. with the Office 

31,460 



□ 



Address for conresponsdsimce: Mark this check-box where no agent or common representative is/has been appointed and the 
space above is used instead to indicate a special address to which correspondence should be sent 



Form PCT/RO/101 (first sheet) (January 2004) 



See Notes to the request form 



P a T / \ 8 *7n O 55 1 1 2FS R !T, sheet No. . . .? 



Continuation of Bos No. Ill FURTOER APPOCANT(S) AND/OR (FURTHER) INVENTORS) 
If none of the following sub-boxes is used, this sheet should not be included in the request. 


Name and address: (Family name followed by given namejjbr a legal entity, full official designation. 

The address must include postal code and name of country. The country of the address indicated in this 

r» „•„ ( l_ mn/iiuiMf V fZtntt* fthni £* mnntrv) nf rf^iri price, if no State of residence be indicated below. 1 

BOX IS trie applicant <> iiimg \mut u« country/ vj » c-a*t*t-/i«-c- *j wlwmic %*j rwiwnvc u t> *-*^ r v 

LlfVJ, Dong-Sung 

105-1703 Expo Apt., Jeonmin-dong 
Yuseong, Daejeon 305-761 
South Korea 


This person is: 

1 1 ann! if ant rvnlw 

1 1 d|JJJilvaill vim j? | 

| applicant and inventor 

I — | inventor only (If this check-box 
1 1 is marked, do not fill in below.) 


Applicant's registration No. with the Office 


State f/to w. country) of nationality: 

KR 


State (that is, country) of residence: 

KR 




Name and address: (Family name followed by given nameifor a legal entity, faU official designation. 
The address must include postal code and name of country. The country of the address indicated in this 
Box is the applicant 's State (that is, country) of residence if no State of residence is indicated below.) 


This person is: 

| | applicant only 

| | applicant and inventor 

1 — 1 inventor only (If this check-box 
l_J is marked, do not fill in below.) 


Applicant's registration No. with the Office 


State (that is, country) of nationality: 


State (that is, country) of residence: 


This person is applicant | I all designated 1 1 all designated States except ! ~| the United States j 1 die States indicated in 

for me purposes of : | 1 States | | the Unfed States of America | I of America only | | me Supplemental Box 


Name and address: (Family name followed by given name; for a legal entity, full official designation. 
! The address must include postal code and name of country. The country of the address indicated in this 
Box is the applicant's State (that is, country) of residence if no State of residence is indicated below.) 


This person is: 

1 | applicant only 

| | applicant and inventor ** 

J 1 inventor only (If this check-box 
I — 1 is marked, do not fill in below.) 


Applicant's registration No. with the Office 


State (that is, country) of nationality: 


State (that is, country) of residence: 


This person is applicant 1 1 all designated I — 1 all designated States except | — 1 the United States 1 j the States indicated in 

for the purposes of: 1 1 States | J the United States of America I I of America only | 1 the Supplemental Box 


Name and address: (Family name followed by given name; for a legal entity, full official designation. 
The address must include postal code and name of country. The country of the address indicated in this 
Box is the applicant 's State (that is, country) of residence if no State of residence is indicated below.) 


This person is: 

| 1 applicant only 

1 | applicant and inventor 

I - ] inventor only (If this check-box 
I 1 is marked, do not fill in below.) 


Applicant's registration No. with the Office 


State (that is, country) of nationality: 


State (that is, country) of residence: 


This person is applicant | — | all designated 1 — I all designated States except I — I the United States r— | the States indicated in 
for mepmijoses ofi 1 1 S*tes 1 | the UnSedStotes of America | J of America only | | the Supplemental Box 


| | Further applicants and/or (further) inventors are indicated on another continuation sheet 



Form PCT/RO/101 (continuation sheet) (January 2004) See Notes to the request form 



«? 5..- * &n,a77&..- s. .n a . a a /5 £^ Sheet NO. 4 



Supplemental Bfl>s Vf/A* Supplemental Box is not used, this sheet should not be included in the request. 



1. If. in any of the Boxes, except Boxes Nos. VIII ft) to (v) for which Continuation of BOX No. IV 
a special continuation box is provided, the space is insufficient 

to furnish an the information: in such case, write "Continuation Amlni, Farzad E.; Babbitt, William Thomas; Becker, 

^rdan Michael; Bemadicou, Michael A.; Blakely. 
captions of the Box in which the space was insufficient, in Roger W. Jr.; Caldwell, Gregory D.; Coaster, 
particular: Thomas M.; De Vos, Daniel M.; Fahmi, Tarek N.; 

n) if move than two persons are to be indicated as applicants Ferrill, T?K>mas S.; Go, JamesY.; Holloway, Sheryi 

and/or inventors and no "continuation sheet " is available: in Sue; Wlllmore F. HolbroW, III; Hoover, George W II; 

such case, write "Continuation of BoxNo. m" and indicate for Hyman, Eric S.; Mallie, Michael J.; Mendonsa, Paul 
each adMtion^jperson the same ^^^^ffj 1 ^^ a.; Wguyen, Thinh V.; O'Rourke, Robert; 

in Box No. III. The country of the address indicated us this Box ^ / • . t _ • . , . inf 0 . m 

isu^appucant'sSmeluZtk country) of residence if no State Ovanezian, Daniel E.; Schaal. William W.; Scheller, 

of residence is indicated below; James C, Jr.; Sotoloff. Stanley W.; Szepesi, Judith 

. t rD &r ttt l A.; Taylor, Edwin H.; Vincent, Lester J.; Ward, John 
m f^^^ZfflSSX&SiK and Zafrnan. Norman; my patent atior^ys 

checked' in such case, write "Continuation of Box No. W or and Henry, James A.; my patent agent. Of BLAKELY, 

"Continuation ofBoxNo. Iff" or "Continuation of Boxes No. H SOKOLOFF, TAYLOR & 2AFMAN LLP, with offices 

and No. JBT (as the case may be), indicate the name of the located at 12400 Wilshire Boulevard, 7th Floor, Los 

fflM^ Angeles, California 90025, telephone (408) 

OAPI patent) for the purposes of which the named person is 720-8300,; and James R. Thein, my patent attorney. 

applicant; 

OH) if, in Box No. II or in any of the sub-boxes of Box No. Ill, the 
inventor or the inventor/applicant is not inventor for the 
purposes of all designated States or for the purposes of the 
Umited States of America: in such case, write "Continuation of 
Box No. II" or "Continuation of Box No. HI" or "Continuation 
of Boxes No. II and No. Iff" (as the case may be), indicate the 
name of the inventor(s) and, next to (each) such name, the State(s) 
(and/or, where applicable, ARIPO, Eurasian, European or 
OAPI patent) for the purposes of which the named person is 
inventor; 

fiv) if, in addition to theagent(s) indicated in Box No. IV, there are 
further agents: in such case, write "Continuation of 
Box No. IV" and indicate for each further agent the same type 
of information as required in Box No. IV; 

(v) if, in Box No. VI, there are more than three earlier applications 
whose priority is claimed: in such case, write "Continuation of 
Box No. VI" and indicate for each additional earlier application 
the same type of information as required in Box No. VI. 

2. If the applicant intends to make an indication of the wish that 
the international application be treated, in certain designated 
States, as an application for a patent of addition, certificate of 
addition, inventor 's certificate of addition or utility certificate 
of addition: in such a case, write the name or two-letter code 
of each designated State concerned and the indication "patent 
of addition, " "certificate of addition, " "inventor's certificate 
of addition" or "utility certificate of addition " the number of 
the parent application or parent patent or other parent grant 
and the date of grant of the parent patent or other patent grant 
or the date offiUng of the parent application (Rules 4.1 l(a)0ii) 
and49bis.l(a) or (b)). 

S. If the applicant intends to make an indication of the wish that 
the international application be treated, in the United States of 
America, as a continuation or continuation-in-part of an earlier 
application: in such a case, write "United States of America " 
or "US" and the indication "continuation" or "continuation- 
in-part" and the number and the filing date of the parent 
application (Rules 4.1i(a)(iv) and 49bis. 1(d)). 



See Notes to the request form 
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Box No. V DESIGNATIONS 



The filing of this request constitutes under Rule 4.9(a), the designation of all Contracting States bound by the PCT on the international 
riling date, for the grant of every kind of protection available and, where applicable, for the grant of both regional and national patents. 

However, 

n DE Germany is not designated for any kind of national protection 

QQ KR Republic of Korea is not designated for any kind of national protection 

I I RU Russian Federation is not designated for any kind of national protection 

(The check-boxes above may be used to exclude (irrevocably) the designations concerned in order to avoid the ceasing of the effect, under 
the national law, of an earlier national application from which priority is claimed See the Notes to Box No. Vas to the conseq ue nces of 
such national law provisions in these and certain other States,) 



Box No. VI PRIORITY CLAIM 



The priority of the following earlier application^) is hereby claimed: 



Filing date 
of earlier application 
(day/month/year) 



item (1 ) 

09 April 2004 
(09.04.2004) 



item (2) 



item (3) 



Number 
of earlier application 



2004-24465 



Where earlier application is: 



country orMe 
ofWTO 



m 




77 





KR 



regional application:* 
regional Office 



international application: 
receiving Office 



3 Further priority claims are indicated in the Supplemental Box. 



The receiving Office is requested to prepare and transmit to the International Bureau a certified copy of the earlier application^) (only if 
the earlier application was filed with the Office which for the purposes of this international application is the receiving Office) identified 
above as: 

PI all items □ item(l) □ item (2) □ item (3) fl other, see Supplemental Box 

♦ Where the earlier application is an ARIPO application, indicate at least one country party to the Paris Convention for the Protection of 
Industrial Property or one Member of the World Trade Organization for which that earlier application was filed (Rule 4. 10(b) (it)): 



Box No. Vn INTERNATIONAL SEARCHING AUTHORITY 



Choice of International Searching Authority (ISA) (if two or more International Searching Authorities are c om pe t ent to carry out the 
international search, indicate the Authority chosen; the two-letter code may be used): 

ISA / ER 



Request to use results of earlier search; reference to that search (if an earlier search has been carried out by or requested from the 
International Searching Authority): 

Date (day/month/year) Number Country (or regional Office) 



Box No. VIII DECLARATIONS 



The following declarations are contained in Boxes Nos. vm (i) to (v) (mark the applicable 
check-boxes below and indicate in the right column the number of each type of declaration): 



Number of 
declarations 



□ Box No. Vm (i) 

□ Box No. VIE (ii) 

□ Box No. Vin (iii) 

□ Box No. Vm (iv) 

□ BoxNo.Vm(v) 



Declaration as to the identity of the inventor 

Declaration as to the applicant's entitlement, as at the international filing 
date, to apply for and be granted a patent 

Declaration as to the applicant's entitlement, as at the international filing 
date, to claim the priority of the earlier application 

Declaration of inventorship (only for the purposes of the designation of the 
United States of America) 

Declaration as to non-prejudicial disclosures or ex cept i o ns to lack of novelty 



Form PCT/RO/101 (second sheet) (January 2004) 



See Notes to the request form 



PCT r U 3 O 5 / -t S a B Sheet No. . . 



Boat No. IX CHECK ILEST; ILANGUJAGE OF FUMNG 



This international application contafims: 
(a) to paper form, the following number of 
sheets: 

request (including 
declaration sheets) 

description (excluding 
sequence listing and/or 
tables related thereto) 



27 
8 
1 

5 



46 



claims 
abstract 
drawings 

Sub-total number of sheets 

sequence listing 

tables related thereto 

(for both, actual number of 
sheets if filed in paper firm, 
whether or not also filed in 
computer readable form; 
see (c) below) 

Total number of sheets 

(b) D only fin computer readable form 
(Section 801(a)(0) 

(i) D sequence listing 

(ii) □ tables related thereto 

(c) Q also fin computer readable form 
(Section 80l(a)(ii)) 

(i) □ sequence listing 

(ii) □ tables related thereto 

Type and) number of carriers (diskette, 
CD-ROM, CD-R or other) on which are 
contained the 

□ sequence listing: 

□ tables related thereto: 

(additional copies to be indicated under 
items 9(U) and/or JOfii), in right column) 



46 



This intemational application is accompanied by the following 
item(s) (mark the applicable check-boxes below and indicate in 
right column the number of each item): 

1 . fee calculation sheet 

2. D original separate power of attorney 

3. O original general power of attorney 

4. Q copy of general power of attorney; reference number, 

if any: 

5. □ statement explaining lack of signature 

6. □ priority documents) identified in Box No. VI as 

item(s): 



Number 
of items 



7. □ translation of international application into 
(language): 



8. □ separate indications concerning deposited microorganism 

or other biological material 

9. □ sequence listing in computer readable form 

(indicate type and number of carriers) 

(i) □ copy submitted for the purposes of international search under 

Rule 1 Zter only (and not as part of the international application) 

(ii) □ (only where check-box (b)fl) or (c)(1) is marked in left column) 

additional copies including, where applicable, the copy for the 
purposes of intemational search under Rule 1 3/er 

(iii) □ together with relevant statement as to the identity of the copy or 

copies with the sequence listing mentioned in left column 

10. □ tables in computer readable form related to sequence listing 

(indicate type and number of carriers) 

(i) Q copy submitted for the purposes of international search under 

Section 802(b-quater) only (and not as part of the international 
application) 

(ii) □ (only where check-box (b)(8) or (c)fii) is marked m left column) 

additional copies including, where applicable, the copy for the 
purposes of international search under Section %Q2(b-quater) 

(iii) O together with relevant statement as to the identity of the copy or 

copies with the tables mentioned in left column 

11. O other (specify): .Bfifcro. 



• '•si' 



Ffigure of the drawings which 
should accompany the abstract: 


ILamguagc of filing of the Enalish 1 ** 
international application: 9 


Bos No. X SIGNATURE OF APPLICANT, AGENT OR COMMON KEFKESEOTAHWE 
Next to each si&tature, indicate the name 








Lester J. Vincent 



l . Date of actual receipt of the purported nrp^ ^ 
international application: Qj|(^ll 0 


For receiving Office use only . 


2. Drawings: 
| | received: 


3. Corrected date of actual receipt due to later but 
timely received papers or drawings completing 
the purported intemational application: 


4. Date of timely receipt of the required 
corrections under PCT Article 1 1(2): 


| [ not received: 


5. International Searching Authority 

(if two or more are competent): ISA/ tr 


6. | — 1 Transmittal of search copy delayed 
1 1 until search fee is paid 





For International Bureau use only 



Date of receipt of the record copy 
by the Intemational 



FormPCT/RO/101 (last sheet) (January 2004) 



See Notes, to the request form 



This sheet is not part of and does not count as a sheet of the international application. 



PCT 



FEE CALCULATION SHEET 
Annex to the Request 



Applicant's or agent's 
file reference 



5489.P092PCT 



For receiving Office use only 



Intematio 



^^n^J^pJ^LtioSlo^ ^ ^ ^» 8 ^ 



08 APRIL 2005 (08.04.05) 

Date stamp of the receiving Office 



Applicant 

NOVERA OPTICS, INC. 



CALCULATION OF PRESCRIBED FEES 
1. TRANSMITTAL FEE 



$300.00 m 



2. SEARCH FEE . . . . 
International search to be 



L 



300 



$2,075.00 



2075 



out by 



(If two or more International Searching Authorities are competent to carry out the 
international search, indicate the name of the Authority which is chosen to carry out 
the international search.) 

3. INTERNATIONAL FILING FEE 
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WAVELENGTH DIVISION MULTIPLEXING PASSIVE OPTICAL 
NETWORK HAVING MULTIPLE BRANCHES OF OPTICAL 

DISTRIBUTION 

Field 

[0001] Embodiments of the invention relate generally to a passive 
optical network (PON), and more particularly, to a wavelength division 
multiplexing passive optical network (WDM-PON) having multiple 
branches of optical distribution. 



[0002] FIG. 1 is a block diagram illustrating the structure of a 
conventional WDM-PON. Referring to FIG. 1 , the conventional WDM-PON 
includes a central office 100, an optical distribution network 142 and 
optical network units 140-1, 140-2,..., and 140-N (hereinafter, commonly 
designated as 140). 

[0003] The conventional WDM-PON performs bi-directional 
communication by using two different wavelength bands. For instance, a 
downstream signal is transmitted from the central office 1 00 to the optical 
network unit 140 through an A wavelength band, such as 1570-1620 
nanometers. An upstream signal is transmitted from the optical network 
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unit 140 to the central office 100 through a B wavelength band, such as 
1450-1500 nanometers. 

[0004] The central office 100 includes a plurality of optical 
transmitters 101, 102 and 103 for transmitting downstream signals having 
an A wavelength band, a plurality of optical receivers 104, 105 and 106 for 
receiving upstream signals having a B wavelength band, a plurality of 
band division filters 107, 108 and 109 for coupling/decoupling light having 
an A wavelength band to/from light having a B wavelength band, and a 1 
x N multiplexer/demultiplexer 110, wherein N represents the number of 
optical network units. 

[0005] The optical unit network 140 includes a plurality of optical 
transmitters 118, 119 and 120 for transmitting upstream signals having a ^ 
B wavelength band, a plurality of optical receivers 1 1 5, 1 1 6 and 1 1 7 for 
receiving downstream signals having an A wavelength band, and a 
plurality of band division filters 121 , 122 and 123 for coupling/decoupling 
light having an A wavelength band to/from light having a B wavelength 
band. 

[0006] The optical distribution network 142 is located between the 
central office 100 and the optical network units 140-1 to 140-N and 
includes a first-branch optical cable 1 13 for transmitting optical signals 
having multiplexed wavelengths from the central office 100 to a remote 
node 150, a 1 x N multiplexer/demultiplexer 1 14 for 



2 



multiplexing/demultiplexing optical signals transmitted thereto from the 
central office 100 and the optical network units 140, and N second-branch 
optical cables 124, 125 and 126 for connecting the 1 x N 
multiplexer/demultiplexer 1 14 to the optical network units 140. In this 
regard, the 1 x N multiplexer/demultiplexer 114 has a role of a remote 
node. 

[0007] Since the optical distribution network 142 of the 
conventional WDM-PON has a double-branch structure including the first- 
branch optical cable 113, the second-branch optical cable 124-126 and 
the remote node 150, if the number of optical network units for the WDM- 
PON is N, all of the N optical network units 140 are connected to one 
remote node 150. Thus, the remote node 150 is located at a center of 

t 

the N optical network units in order to minimize an amount of optical 
cables (i.e., optical fibers) to be used. However, if it is difficult to install 
the remote node 150 at the center of the N optical network units 140 due 
to geographic or local characteristics, the remote node 150 may be 
connected to the optical network units 140 through an inefficient structure, 
resulting in waste of expensive optical fibers. In particular, if the 
conventional WDM-PON having the two branches of optical distribution is 
applied to agricultural villages in which the optical network units 140 are 
sporadically distributed over the whole area of agricultural villages, optical 
fibers are unnecessarily wasted and installation work thereof is difficult. 
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SUMMARY 

[0008] Various methods and apparatuses are described for a 
wavelength division multiplexing passive optical network (WDM-PON) that 
performs bi-directional communication. The WDM-PON may include two 
or more remote distribution nodes in between a central office and the 
most distant optical network unit. Each remote distribution node is 
located in a physically separate v location. A first remote distribution node 
has two or more optical network units connected to the first remote 
distribution node. Each remote node separates one or more wavelength 
channels from a composite optical signal distributed through that remote 
distribution node. 

[0009] Other features and advantages of the present invention will 
be apparent from the accompanying drawings and from the detailed 
description that follows below. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0010] The accompanying drawings, which are included to provide 
a further understanding of the invention and are incorporated in and 
constitute a part of this application, illustrate embodiment(s) of the 
invention and together with the description serve to explain some 
principles of the invention. In the drawings: 
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[0011] FIG. 1 is a block diagram showing a structure of a 
conventional WDM-PON. 

[0012] FIG. 2 is a block diagram of a structure of a WDM-PON 
having a 1 x 2 x N/2 type division of wavelength channels with three- 
branches of optical distribution. 

[0013] FIG. 3 is a block diagram of a structure of a WDM-PON 
having a 1 x 2 x N/2 type division of wavelength channels with three- 
branches of optical distribution. v 

[0014] FIG. 4 is a block diagram of a structure of a WDM-PON 
having a 1 x 4 x N/4 type division of wavelength channels with three- 
branches of optical distribution. 

[0015] FIG. 5 is a block diagram of a structure of a WDM-PON . 

■* 

having multiple branches of optical distribution employing an add/drop 
scheme. 

DETAILED DESCRIPTION 

[0016] In general, a composite optical signal that includes all of the 
wavelength channels in a first wavelength band is separated in a 
transmission path between a central office and the most distant optical 
network unit into two or more smaller groups consisting of subsets of the 
wavelength channels. The composite optical signal is sequentially 
separated along the transmission path two or more times to generate the 
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two or more smaller groups consisting of subsets of the wavelength 
channels. The WDM-PON may have multiple branches of optical 
distribution to overcome the structural problem of a double-branch optical 
distribution network. The WDM-PON may have multiple branches of 
optical distribution that can be easily installed while saving an amount of 
optical fibers to be used. The WDM-PON performs bi-directional 
communication. 

[0017] Several example v configu rations of WDM-PONs will be 
described. 

[0018] The WDM-PON may include a central office; a plurality of 
optical network units; and an optical distribution network physically 
connecting the central office to the optical network units and including at 

t 

least two remote nodes that are physically separated from each other, and 
multiple branches of optical cable for sequentially connecting the central 
office, the remote nodes and the optical network units with each other. 

[0019] The optical distribution network may include a first remote 
node, a second remote node located between the first remote node and 
the optical network units, and is provided with at least two 
multiplexers/demultiplexers, a first-branch optical cable for connecting the 
central office to the first remote node, a second-branch optical cable for 
connecting the first node to each of the multiplexers/demultiplexers of the 
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second node, and a third-branch optical cable for connecting the 
multiplexers/demultiplexers to the optical network units, respectively. 

[0020] The first remote node transmits downstream signals of the 
central office to the multiplexers/demultiplexers of the second node by 
dividing the downstream signals into several signal groups, and transmits 
upstream signals of the multiplexers/demultiplexers of the second node to 
the central office by coupling the upstream signals with each other. 

[0021] The multiplexers/demultiplexers may include 1 x N/2 
multiplexers/demultiplexers, in which N is a number of optical network 

units. \ 

[0022] The first remote node may include a division/coupling filter 
for dividing/coupling the upstream and downstream signals, a downstream 
signal division filter for dividing a downstream signal inputted thereto from 
the division/coupling filter into two or more subsets of wavelength 
channels in the downstream signal in order to output the subsets of 
wavelength channels to a predetermined multiplexer/demultiplexer. An 
upstream signal-coupling filter may receive subsets of wavelength 
channels in a different wavelength band from the 
multiplexers/demultiplexers in order to output the upstream signal to the 
division/coupling filter by combing the subsets of wavelength channels. 

[0023] Alternatively, the first remote node may include an optical 
interleaver receiving the downstream signal from the central office. The 

7 



I 



optical interieaver divides the downstream signal into odd wavelength 
channel signals and even wavelength channel signals in order to output 
the odd and even wavelength signals to a predetermined 
multiplexer/demultiplexer. The optical interieaver may receive the odd 
and even wavelength channel signals from the predetermined 
multiplexer/demultiplexer in order to couple the odd wavelength signals 
with the even wavelength signals and to transmit the coupled signals to 

the central office. v 

[0024] Alternatively, the optical distribution network may include at 
least one remote node connected to the multiple optical cables and having 
one or more drop filters for dropping a wavelength channel from a 
downstream signal, which is allocated to a predetermined optical network^ 
unit, into the predetermined optical network unit. The network may 
further include one or more add filters for adding an upstream signal, 
which is transmitted from the predetermined optical network unit, to the 
multiple optical cables. The WDM-PON further comprises a 
multiplexer/demultiplexer located between a final remote node and 
remaining optical network units in order to multiplex/demultiplex upstream 
and downstream signals. 

[0025] FIG. 2 is a block diagram of a structure of a WDM-PON 
having a 1 x 2 x N/2 type division of wavelength channels with three 
branches of optical distribution. 
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[0026] Referring to FIG. 2, the WDM-PON includes a central office 
200, an optical distribution network 242 and optical network units 240. 
The optical distribution network 242 physically connects the Central office 
200 to the optical network units 240 and includes two remote nodes and a 
triple-branch optical cable unit having first to third-branch optical cables 
connected to the remote nodes. Structures of the central office 200 and 
the optical network units 240 are similar to the structures of the central 
office and the optical network ur^its shown in FIG. 1 , so they will not be 
further described below in order to avoid redundancy. 

[0027] In the three branches of optical distribution 242, a 
downstream signal transmitted from the central office 200, i.e., an optical 
signal having an A wavelength band, is transmitted to a first remote node 
250 through a first-branch optical cable 214. Subsequently, the optical 
signal is split into a first subset of wavelength channels A+ and a second 
subset of wavelength channels A-, which are transmitted to first and 
second multiplexers/demultiplexers 208 and 209 of a second remote node 
252 through two second-branch optical cables 215 and 216. 
Subsequently, the first and second multiplexers/demultiplexers 208 209 
transmit optical signals having wavelengths that have been allocated for 
each subscriber to each optical network unit 240 by using N/2 third-branch 
optical cables 217 to 220. 
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[0028] In addition, an upstream signal transmitted from each 
optical network unit 240, i.e., an optical signal having a B wavelength 
band, is transmitted to the central office 200 through the second remote 
node 252 and the first remote node 250. 

[0029] The first remote node 250 includes three A/B band division 
filters, i.e., first to third A/B band division filters 221 , 224 and 225 for 
dividing a downstream optical signal having an A wavelength band and an 
upstream optical signal having a B wavelength band, an A+/A- band 
division filter 222 located among the first to third A/B band division filters 
221 , 224 and 225 in order to divide the downstream optical signal having 
the A wavelength band into a first subset of wavelength channels (A+ 
signal), such as wavelength channels 1-16, and a second subset of 
wavelength channels (A- signal), such as wavelength channels 17-32. 
The B+/B- band coupling filter 223 may be located among the first to third 
A/B band division filters 221 , 224 and 225. The +/B- band coupling filter 
223 couples a third subset of wavelength channels (B+ signal) inputted 
from the first multiplexer/demultiplexer 208 with a fourth subset of 
wavelength channels (B- signal) inputted from the second 
multiplexer/demultiplexer 209. 

[0030] Thus, the first remote node 250 has a series of band 
splitting filters 221 , 224 and 225 configured to split a first composite 
optical signal that includes all of the wavelength channels in a first 
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wavelength band (i.e. downstream signal - "A") into a first subset of the 
wavelength channels (A+) and a second subset of the wavelength 
channels (A-). 

[0031] The above division and coupling filters include thin film 
optical filters having a plurality of thin films, which are generally known in 
the art. Properties of the optical filters are disclosed in detail in Chapter 
42 (Optical properties of films and coating) of "Handbook of Optics 
Volume 1" Bass, M., Van Stryl^nd, E., Williams, D., and Wolfe, W. (eds), 
published by McGraw-Hill, New York, (1995). 

[0032] The downstream signal transmitted from the central office 
200, i.e., the optical signal having the A wavelength band, is transmitted to 
the A+/A- band division filter 222 through the first A/B band division filter 
221 and is divided into the first subset of wavelength channels (A+ signal) 
and the second subset of wavelength channels (A- signal). 
Subsequently, the first subset of wavelength channels (A+ signal) is 
transmitted to the second A/B band division filter 225, and then 
transmitted to the first multiplexer/demultiplexer 208 of the second remote 
node 252 through the second-branch optical cable 21 5. In addition, the 
second subset of wavelength channels (A- signal) is transmitted to the 
third A/B band division filter 224, and then transmitted to the second 
multiplexer/demultiplexer 209 of the second remote node 252 through the 
second-branch optical cable 216. Thus, the downstream optical signals 
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inputted from the central office 200 are divided into two groups based on 
wavelengths thereof and transmitted to the first and second 
multiplexers/demultiplexers 208 and 209. In addition, the first subset of 
wavelength channels (A+ signal) passing through the first 
multiplexer/demultiplexer 208 is divided into signals having various 
individual wavelengths and transmitted to first to (N/2) m optical network 
units 240-1 to 240-N/2. The second subset of wavelength channels (A- 
signal) passing through the secQnd multiplexer/demultiplexer 209 is 
divided into signals having various individual wavelengths and transmitted 
to (N/2+1 )* to N* optical network units 240-N/2+1 to 240-N. 

[0033] In the meantime, the upstream signal inputted from each 
optical network unit 240, i.e., the optical signal having the B wavelength 
band, is transmitted in an opposite direction to the above manner. That 
is, the first multiplexer/demultiplexer 208 multiplexes a third subset of 
wavelength channels (B+ signals) inputted thereto from the first to (1^4/2)^ 
optical network units 240-1 to 240-N/2 and transmits the multiplexed 
signals to the first remote node 250 through the second-branch optical 
cable 21 5. In addition, the second multiplexer/demultiplexer 209 
multiplexes a fourth subset of wavelength channels (B- signals) inputted 
thereto from the (N/2+1 f to N* optical network units 240-N/2+1 to 240-N 
and transmits the multiplexed signals to the first remote node 250 through 
the second-branch optical cable 216. After that, the third subset of 
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wavelength channels (B+ signals) inputted from the first 
multiplexer/demultiplexer 208 are transmitted to the B+/B- band coupling 
filter 223 through the second A/B band division filter 225 and the fourth 
subset of wavelength channels (B- signals) inputted from the second 
multiplexer/demultiplexer 209 are transmitted to the B+/B- band coupling 
filter 223 through the third A/B band division filter 224. Thereafter, the 
third subset of wavelength channels (B+ signals) are coupled with the 
fourth subset of wavelength channels (B- signals) at the B+/B- band 
division filter 222 and transmitted to the central office 200 through the first 
A/B band division filter 221 . 

[0034] Thus, the series of band splitting filters 221-225 are also 
coupled together to create a second composite optical signal that includes 
all of the wavelength channels in a second wavelength band (i.e. 
upstream signal (B) by combining a first portion of the wavelength 
channels (B+) in the second B wavelength band and a second portion of 
the wavelength channels (B-) in the second B wavelength band. The 
second composite optical signal travels in the opposite direction of the first 
composite optical signal and occupies a different wavelength band than 
the first composite optical signal. 

[0035] The second remote node 252 contains a first 
multiplexer/demultiplexer 208 to receive a first subset of the wavelength 
channels (A+) in a first composite optical signal (A) from the first remote 
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node 250 and to send the first portion of wavelength channels (B+) in a 
second composite optical signal B to the first remote node. The second 
remote node 252 also contains a second multiplexer/demultiplexer 209 to 
receive a second subset of the wavelength channels (A-) in the first 
composite optical signal (A) from the first remote node 250 and to send 
the second portion (B-) of the second B wavelength band to the first 
remote node 252. As discussed, the first multiplexer/demultiplexer 208 
and second multiplexer/demultiplexer 209 may be located in separate 
physical localities as well as the remote nodes 250, 252 may be located in 
separate physical localities. ■ - 

[0036] Herein, the first and second multiplexers/demultiplexers 208 

and 209 of the second remote node can be installed in various positions ^ 

» 

while being physically separated from each other. Thus, the remote 
node can be located in an effective position by taking distribution of the 
optical network units into consideration. 

[0037] In addition, the first and second multiplexers/demultiplexers 
208 and 209 can be embodied in the form of arrayed waveguide grating 
(AWG). The AWG is generally known in the art. In particular, the AWG 
is disclosed in detail in the document 'Transmission characteristic of 
arrayed-waveguide NxN wavelength multiplexer" (Journal of Lightwave 
Technology, volume 13, pages 447 to 455, Mar. 1995). 
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[0038] Preferably, the first and second multiplexers/demultiplexers 
208 and 209 can be embodied by means of a filter-type dense 
wavelength-division multiplexing multiplexer/demultiplexer. 

[0039] FIG. 3 is a block diagram of a structure of a WDM-PON 
having a 1 x 2 x N/2 type division of wavelength channels with three 
branches of optical distribution. 

[0040] Referring to FIG. 3, the WDM-PON includes a central office 
300, an optical distribution network 342 and optical network units 340. 
The optical distribution network 342 physically connects the central office 
300 to the optical network units 340 and includes first and second remote 
nodes 350 and 352 and a triple-branch optical cable unit having first to 
third-branch optical cables connected to the remote nodes 350 and 352. 
Herein, structures of elements similar to those shown in FIG. 1 will not be 
further described below in order to avoid redundancy. 

[0041] The first remote node 350 includes an optical interleaver 
321 for dividing a downstream signal inputted thereto from a first-branch 
optical cable 334 into odd optical wavelength signals and even optical 
wavelength signals. Thus, the first remote node 350 has an optical 
interleaver 321 configured to split a first composite optical signal in a first 
wavelength band (i.e. downstream signal - M A M ) into a first portion (A+) 
consisting of odd numbered wavelength channels and a second portion 
(A-) consisting of odd numbered wavelength channels. As generally 
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known in the art, the optical interleaver 321 is an optical device for 
outputting optical signals by dividing the optical signals according to 
wavelengths or frequencies thereof. 

[0042] A basic principle of the optical interleaver 321 is similar to a 
principle of a Mach Zhender optical interferometer, in which inputted 
optical signals are divided while passing through a 2 x 2 optical coupler 
having two inputs and two outputs and coupled with each other in the 2 x 
2 optical coupler after traveling along two different optical paths, so that 
signals having uniform frequency intervals are separately outputted 
through two output ports. For instance, if N optical signals are inputted 
into the optical interleaver 321 with an interval of 100GHz, optical signals 
of a +100GHz, a +300GHz... are outputted through a first output port 
316a and optical signals of a +200GHz, a +400GHz... are outputted 
through a second output port 317b. In this regard, "a" is a predetermined 
band frequency of an optical signal. Thus, the N optical signals inputted 
with an interval of 100GHz are divided into two signal groups with an 
interval of 200GHz and N/2 optical signals are outputted through two 
output ports 31 6a and 31 7b, respectively. At this time, the optical signals 
outputted from the first output port 316a are defined as odd optical 
wavelength channel signals and the optical signals outputted from the 
second output port 31 7b are defined as even optical wavelength channel 
signals. 
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[0043] Accordingly, the optical signals inputted through the first- 
branch optical cable 334 are divided into odd optical wavelength channels 
and even optical wavelength channels at the optical interleaver 321 of the 
first remote node 350. Subsequently, the odd optical wavelength 
channels are outputted through the first output port 316a and transmitted 
to a first multiplexer/demultiplexer 314 through the second-branch optical 
cable 316, and the even optical wavelength channels are outputted 
through the second output port $17b and transmitted to the second 
multiplexer/demultiplexer 315 through the second-branch optical cable 
317. 

[0044] In addition, the first and second multiplexers/demultiplexers 
314 and 315 divide the subsets of odd and even optical wavelength , 
channels into signals having various wavelengths and transmit them to 
each optical network unit. 

[0045] For the present embodiment, odd optical network units are 
connected to the first multiplexer/demultiplexer 314 and even optical 
network units are connected to the second multiplexer/demultiplexer 315 
for illustration purposes. 

[0046] Although the above description has been made in relation to 
the downstream signal transmitted to the optical network unit 340 from the 
central office 300, it is noted that the upstream signal is transmitted to the 
central office 300 from the optical network units 340 through a 
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predetermined transmission procedure in an order reverse to that of the 
transmission procedure of the downstream signal. Thus, the second 
remote node 352 contains a first multiplexer/demultiplexer 314 that 
receives the odd numbered wavelength channels from the first remote 
node 350 and sends the first portion (B+) of the wavelength channels in 
the second wavelength band (B) to the first remote node 350. The 
second remote node 352 also contains a second multiplexer/demultiplexer 
315 that receives the second even wavelength portion (A-) of the first A 
wavelength band from the first remote node 350 and sends the second 
even wavelength portion (B-) of the second B wavelength band to the first 
remote node 350. The optical interleaver 312 is also configured to create 
a second composite optical signal in a second wavelength band (i.e. 
upstream signal - "B") from a combination of a first portion of wavelength 
channels (B+) in the second wavelength band (B) and a second portion of 
wavelength channels (B-) in the second wavelength band (B). Herein, 
the upstream signals outputted from the first multiplexer/demultiplexer 314 
are coupled with the downstream signals outputted from the second 
multiplexer/demultiplexer 31 5 at the optical interleaver 321 of the first 
remote node and then transmitted to the central office 300. 

[0047] FIG. 4 is a block diagram of a structure of a WDM-PON 
having a 1 x 4 x N/4 type division of wavelength channels with three- 
branches of optical distribution. 
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[0048] Referring to FIG. 4, the WDM-PON includes a central office 
400, an optical distribution network 442 and optical network units 440. 
The optical distribution network 442 physically connects the central office 
400 to the optical network units 440 and includes first and second remote 
nodes 450 and 452 and a triple-branch optical cable unit having first to 
third-branch optical cables connected to the remote nodes 450 and 452. 

[0049] The first remote node 450 includes first to fifth optical filters 
404, 405, 406, 407 and 408 for poupling/decoupling the downstream 
signal having an A wavelength band to/from the upstream signal having a 
B wavelength band, a demultiplexer 402 for dividing the downstream 
signal having the A wavelength band into four subsets of wavelength 
channels, and a multiplexer 403 for coupling four subsets of wavelength 
channels having the B wavelength band and transmitting them to the 
central office 400. 

[0050] The downstream signal of the central office 400, i.e., the 
multiplexed optical signal having the A wavelength band is transmitted to 
a first optical filter 404 through a first-branch optical cable 401 , and then 
transmitted to the demultiplexer 402. Upon receiving the multiplexed 
optical signal, the demultiplexer 402 divides the multiplexed optical signal 
having the A wavelength band into four subsets of wavelength channels 
and transmits them into the second to fifth optical filters 405, 406, 407 and 
408. 
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[0051] For instance, if the number of optical network units are 32 
(N=32) and 32 channels with a predetermined frequency internal are 
inputted into the demultiplexer 402 corresponding to the number of optical 
network units, optical signals of a +100GHz, a +200GHz,... a +700GHz 
and a +800GHz are outputted through the second optical filter 405, optical 
signals of a +1 100GHz, a +1200GHZ,... a +1700GHz and a +1800GHz 
are outputted through the third optical filter 406, optical signals of a 
+2100GHz, a +2200GHz,... a +2700GHz and a +2800GHz are outputted 
through the fourth optical filter 407, and optical signals of a +3100GHz, a 
+3200GHz,... a +3700GHz and a +3800GHz are outputted through the 
fifth optical filter 408. In this regard, "a" is a predetermined band 
frequency of an optical signal. Further, the optical signal having the A 
wavelength band can be divided into four subsets of wavelength 
channels; however, the present invention is not limited to the above 
manner. 

[0052] Subsequently, the optical signal that has been transmitted 
to the second optical filter 405 is transmitted to a first 
multiplexer/demultiplexer 413 of the second remote node 452 through a 
second-branch optical cable 409. In the same manner, the optical 
signals that have been transmitted to the third through fifth optical filters 
406, 407 and 408 are transmitted to the second through fourth 
multiplexers/demultiplexers 414, 415, and 416 via second-branch optical 
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cables 410, 41 1 , 412, respectively. Thus, the downstream optical signals 
of the central office 400 are divided into four subsets of wavelength 
channels and distributed into four multiplexers/demultiplexers. In 
addition, the optical signal inputted into the first multiplexer/demultiplexer 

413 through the second-branch optical cable 409 is divided into signals 
having various wavelengths by means of the first 
multiplexer/demultiplexer 413 and is transmitted into a first group of 
optical network units 440-1 to 4f O-N/4 through N/4 third-branch optical 
cables 417 and 418. In the same manner, the optical signals inputted 
into the second to fourth multiplexers/demultiplexers 414 to 416 through 
optical cables 410, 41 1, 412 are divided into signals having various 
wavelengths by means of the second to fourth multiplexers/demultiplexers 

t 

414 to 416 and are transmitted into second to fourth groups of optical 
network units through N/4 third-branch optical cables 419-424. 

[0053] Thus, the first remote node 450 has a first 
multiplexer/demultiplexer 402 coupled to two or more band splitting filters 
405-408 configured to split a first composite optical signal that includes all 
of the wavelength channels in a first wavelength band (i.e. downstream 
signal A) into a first subset of wavelength channels (A+) and a second 
subset of wavelength channels (A-). The first band splitting filter 404 
separates and couples a downstream and an upstream optical signal onto 
the same optical cable connected to the central office 400. The first 1 x 
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N multiplexer/demultiplexer 402 outputs N wavelength channels, where N 
is a subset of the total number of subscribers coupled in the optical data 
path of the first 1 x N multiplexer/demultiplexer 402. 

[0054] The second remote node 452 contains a first 
multiplexer/demultiplexer 413 that receives the first subset of wavelength 
channels from the first remote node 450, a second 
multiplexer/demultiplexer 414 to receive the second subset of wavelength 
channels from the first remote npde 450, a third multiplexer/demultiplexer 
41 5 to receive the third wavelength portion (A+) of the first A wavelength 
band from the first remote node 450, and a fourth 
multiplexer/demultiplexer 416 to receive the fourth wavelength portion 
(A+) of the first A wavelength band from the first remote node 450. 

[0055] The upstream signal transmitted from each optical network 
unit 440, i.e., the optical having the B wavelength band, is transmitted 
from the optical network unit 440 to the central office 400 through a 
predetermined transmission procedure in an order reverse to that of the 
transmission procedure of the downstream signal. Herein, four upstream 
subsets of wavelength channels that have the B wavelength band and 
that are inputted into the second to fifth optical filters 405 to 408 through 
second-branch optical cables 409-412 are transmitted to the central office 
400 through the first optical filter 404 after being multiplexed by means of 
the multiplexer 403 of the first remote node 450. 
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[0056] The demultiplexer 402 and the multiplexer 403 of the first 
remote node and the first to fourth multiplexers/demultiplexers 413 to 416 
of the second remote node 452 may be embodied in the form of AWGs or 
8-skip-2 optical fibers. Thus, the second remote node 452 sends the first 
through the fourth subsets of the wavelength channels in a second B 
wavelength band to a second multiplexer/demultiplexer 403 in the first 
remote distribution node 450 via the band splitting filters 405-408. The 
second multiplexer/demultiplexer 403 combines the wavelength channels 
from the first through the fourth subsets of the wavelength channels. 

[0057] FIG. 5 is a block diagram of the structure of a WDM-PON 
having multiple branches of optical distribution employing an add/drop 
scheme. ^ 

[0058] First, the present embodiment will be described in relation 
to a downstream signal transmitted to each optical network unit 540 from 
a central office 500. 

[0059] The composite optical signal having all of the various 
wavelength channels from the central office 500 are transferred to a first 
remote node 550 through a first-branch optical cable 510. Herein, a 
downstream signal having a wavelength channel allocated to a first optical 
network unit 540-1 is dropped at a drop filter 501 of the first remote node 
550 into an optical receiver 51 5 of the first optical network unit 540-1 . 
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[0060] Subsequently, the optical signal having the remaining 
wavelength channels are transferred to a second remote node 554 
through a second-branch optical cable 503. Herein, a downstream signal 
having a second wavelength channel allocated to a second optical 
network unit 540-2 is dropped at a first drop filter 503 of the second 
remote node 554 into an optical receiver 51 6 of the second optical 
network unit 540-2. In addition, a downstream signal having a third 
wavelength channel allocated tq a third optical network unit 540-3 is 
dropped at a second drop filter 505 of the second remote node 554 into 
an optical receiver 517 of the third optical network unit 540-3. 

[0061] Further, the optical signal having the remaining wavelength 
channels are transmitted to a multiplexer/demultiplexer 509 through a 
third-branch optical cable 512. Herein, the optical signals are divided 
into signals having wavelength channels allocated to optical network units 
and transmitted to each of the optical network units 540-4 and 540-N. 

[0062] Thus, the third remote node 552 includes a first 
multiplexer/demultiplexer 509 and a first remote node 550 includes at 
least one add drop module501 , 502. A first drop module 501 removes a 
wavelength channel from a composite optical signal that includes all of the 
wavelength channels. The first multiplexer/demultiplexer 509 distributes 
two or more of the wavelength channels in the composite optical signal to 
the optical network units 540-4 -540-N. 
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[0063] In addition, when the upstream signal is transmitted to the 
central office 500 from the optical network unit 540, an optical signal 
outputted from an optical transmitter 520 of the first optical network unit 
540-1 is added at an add filter 502 of the first remote node 550, and then 
transmitted to the central office 500 through the first-branch optical cable 
510. 

[0064] Similarly, optical signals outputted from second and third 
optical network units 540-2 and v 540-3 are added at first and second add 
filters 504 and 506 of the second remote node 554, and then transmitted 
to the central office 500. In addition, the remaining optical signals 
outputted from fourth and N m optical network units 540-4 and 540-N are 
transmitted to the central office 500 through the multiplexer/demultiplexer 
509 in the same manner as described above. 

[0065] Preferably, the add/drop filters of the remote nodes are 
connected to optical transmitters/receivers of the optical network units 
through separate optical cables. 

[0066] Thus, two or more add/drop modules 501-506 couple to an 
optical fiber from the central office 500 to the third remote node 552 
containing a first multiplexer/demultiplexer 509. The add/drop modules 
501, 503, 505 remove wavelength channels from the downstream optical 
signal prior to the first multiplexer/demultiplexer 509. The add/drop 
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modules 502, 504, 506 add wavelength channels to the upstream signal 
after the first multiplexer/demultiplexer 509. 

[0067] Although the present embodiment has been described in 
relation to three optical network units outputting optical signals being 
added or dropped at add filters or drop filters, the present invention does 
not limit the number of optical network units outputting optical signals 
being added or dropped. In other words, the add/drop operation can be 
carried out in relation to all optiqal network units. 

[0068] As described above, since the optical distribution network of 
the WDM-PON includes a plurality of remote nodes and multiple branch 
optical cables, the optical distribution network can be effectively located in 
a region in which optical network units are sporadically distributed over ^ 
the whole area of the region. Thus, the distance between the remote 
node and the optical network unit is shortened so that it is possible to 
save an amount of optical fibers to be used. In addition, since the 
distance between the remote node and the optical network unit becomes 
shortened, installation work for the optical distribution network can be 
easily carried out. 

[0069] With respect to large cities in which the optical network units 
are concentrated, the optical distribution network is generally installed by 
using cables buried in the ground. However, as the number of optical 
distribution networks increases, it is difficult to cover the optical 
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distribution networks with existing cables buried in the ground. The 
optical distribution network having the multiple branch structure according 
to the present invention can reduce the amount of optical fibers to be 
buried in the ground, so it is possible to effectively manage existing cables 
buried in the ground. 

[0070] In addition, because the WDM-PON includes a plurality of 
remote nodes, the WDM-PON can be effectively installed at a desired 
location with various alignment^ by taking geographic features into 
consideration. 

[0071 J In the forgoing specification, the invention has been 
described with reference to specific exemplary embodiments thereof. It 
will, however, be evident that various modifications and changes may be 
made thereto without departing from the broader spirit and scope of the 
invention. The specification and drawings are, accordingly, to be 
regarded in an illustration rather than a restrictive sense. 
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What is claimed is: 

1 . A wavelength division multiplexing passive optical network (WDM- 
PON) for performing bi-directional communication, the WDM-PON 
comprising: 

two or more remote distribution nodes in between a central office 
and a first optical network unit, each remote distribution node located in a 
physically separate location and v a first remote distribution node has two or 
more optical network units connected to the first remote distribution node, 
wherein each remote distribution node separates one or more wavelength 
channels from a composite optical signal distributed through that remote 
distribution node. 

2. The WDM-PON of claim 1 , further comprising: 

a first remote distribution node having a series of band splitting 
filters configured to split a first composite optical signal that includes all of 
the wavelength channels in a first wavelength band into a first subset of 
the wavelength channels and a second subset of the wavelength 
channels. 

3. The WDM-PON of claim 2, wherein the series of band splitting 
filters are also coupled together to create a second composite optical 
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signal in a second wavelength band by combining a first portion of the 
wavelength channels in the second wavelength band and a second 
portion of the wavelength channels in the second wavelength band, 
wherein the second composite optical signal travels in the opposite 
direction of the first composite optical signal and occupies a different 
wavelength band than the first composite optical signal. 

4. The WDM-PON of claim v 1 , further comprising: 

a second remote distribution node containing a first 
multiplexer/demultiplexer to receive a first subset of the wavelength 
channels in a first composite optical signal from the first remote 
distribution node and to send a first portion of wavelength channels in a ^ 
second composite optical signal to the first remote distribution node, 
wherein the second composite optical signal occupies a different 
wavelength band than the first composite optical signal. 

5. The WDM-PON of claim 4, wherein the second remote distribution 
node also contains a second multiplexer/demultiplexer to receive a 
second subset of the wavelength channels in the first composite optical 
signal from the first remote distribution node and to send a second subset 
of wavelength channels from the second wavelength band to the first 
remote distribution node. 
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6. The WDM-PON of claim 1 , further comprising: 

a first remote distribution node having an optical interleaver 
configured to split a first composite optical signal in a first wavelength 
band into a first portion consisting of odd numbered wavelength channels 
and a second portion consisting of odd numbered wavelength channels. 

7. The WDM-PON of clairr\ 6, wherein the optical interleaver is also 
configured to create a second composite optical signal in a second 
wavelength band from a combination of a first portion of wavelength 
channels in the second wavelength band and a second portion of 
wavelength channels in the second wavelength band. 

t 

8. The WDM-PON of claim 1 , wherein the first remote distribution 
node includes an optical interleaver to receiving a downstream optical 
signal from the central office, divides the downstream signal into odd 
wavelength channel signals and even wavelength channel signals in order 
to output the odd and even wavelength signals to corresponding 
multiplexer/demultiplexers, and receives the odd and even wavelength 
channel signals from the corresponding multiplexer/demultiplexers in 
order to combine the odd wavelength channel signals with the even 
wavelength channel signals. 
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9. The WDM-PON of claim 6, further comprising: 

a second remote distribution node containing a first 
multiplexer/demultiplexer to receive the odd numbered wavelength 
channels from the first remote distribution node and to send the first 
portion of the wavelength channels in a second wavelength band to the 
first remote distribution node. 

10. The WDM-PON of claim 9, wherein the second remote distribution 
node also containing a second multiplexer/demultiplexer to receive the 
even numbered wavelength channels of the first wavelength band from 
the first remote distribution node and to send a portion of the second 
wavelength band to the first remote distribution node. 

1 1 . The WDM-PON of claim 1 , further comprising 

a first remote distribution node having a multiplexer/demultiplexer 
coupled to two or more band splitting filters configured to split a first 
composite optical signal that includes all of the wavelength channels in a 
first wavelength band into a first subset of wavelength channels and a 
second subset of wavelength channels. 

12. The WDM-PON of claim 1 1 , further comprising: 
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a second remote distribution node containing a first 
multiplexer/demultiplexer to receive the first subset of wavelength 
channels from the first remote distribution node, a second 
multiplexer/demultiplexer to receive the second subset of wavelength 
channels from the first remote distribution node. 

13. The WDM-PON of claim 12, wherein the second remote 
distribution node to send a first through the fourth portions of the 
wavelength channels in a second wavelength band to the second 
multiplexer/demultiplexer in the first remote distribution node via the band 
splitting filters, wherein the second multiplexer/demultiplexer to combine 
the wavelength channels from the first through the fourth portions. 

14. The WDM-PON of claim 1 1 , further comprising: 

a first band splitting filter to separate and couple a downstream and 
an upstream optical signal onto a first optical cable connected to the 
central office. 

1 5. The WDM-PON of claim 1 , wherein the first remote distribution 
node includes a first multiplexer/demultiplexer and a second remote 
distribution node includes an add drop module, wherein a first drop 
module removes a wavelength channel from a composite optical signal 
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that includes ail of the wavelength channels and the first 
multiplexer/demultiplexer distributes two or more of the wavelength 
channels in the composite optical signal. 

1 6. The WDM-PON of claim 1 , further comprising: 

two or more add/drop modules coupled to an optical fiber from the 
central office to the first remote distribution node containing a first 
multiplexer/demultiplexer, wherein the add/drop modules to remove 
wavelength channels from a downstream optical signal prior to the first 
multiplexer/demultiplexer. 

17. A method, comprising 

i 

separating a first composite optical signal that includes all of the 
wavelength channels in a first wavelength band in a transmission path 
between a central office and a most distant optical network unit into two or 
more smaller groups consisting of subsets of the wavelength channels; 
and 

generating the two or more smaller groups consisting of subsets of 
the wavelength channels by sequentially separating the first composite 
optical signal along the transmission path two or more times. 

1 8. The method of claim 1 7, further comprising: 
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separating the composite optical signal into a first subset that 
includes even numbered wavelength channels and a second subset that 
includes odd numbered wavelength channels. 

19. The method of claim 1 7, further comprising: 

combining two or more optical signals in a second wavelength 
band along the transmission path, each optical signal with one or more 
wavelength channels, wherein ^ second composite optical signal travels 
in an opposite direction of the first composite optical signal and occupies a 
different wavelength band than the first composite optical signal. 

20. An apparatus, comprising: 

a first optical network unit including an optical receiver and an 

optical transmitter; and 

means for separating a first composite optical signal that includes 
all of the wavelength channels in a first wavelength band into two or more 
smaller groups consisting of subsets of the wavelength channels in a 
transmission path between a central office and a first optical network unit, 
wherein the first composite optical signal is sequentially separated along 
the transmission path two or more times to generate the two or more 
smaller groups consisting of subsets of the wavelength channels. 
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21 . The apparatus of claim 20, further comprising: 

means for separating the composite optical signal into a first 
subset that includes even numbered wavelength channels and a second 
subset that includes odd numbered wavelength channels. 

22. The apparatus of claim 20, further comprising: 

means for combining two or more optical signals in a second 
wavelength band along the transmission path, each optical signal with one 
or more wavelength channels, wherein a second composite optical signal 
travels in an opposite direction of the first composite optical signal and 
occupies a different wavelength band than the first composite optical 
signal. „ 
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ABSTRACT 

Various methods and apparatuses are described for a wavelength 
division multiplexing passive optical network (WDM-PON) that performs 
bi-directional communication. The WDM-PON may include two or more 
remote distribution nodes in between a central office and the most distant 
optical network unit . Each remote distribution node is located in a 
physically separate location. first remote distribution node has two or 
more optical network units connected to the first remote distribution node. 
Each remote node separates one or more wavelength channels from a 
composite optical signal distributed through that remote distribution node. 
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